Objectives: To identify demographic, clinical and laboratory risk factors for death due to dengue fever in adult patients in Singapore.
Introduction
Dengue infection is caused by one of four dengue virus serotypes and transmitted by the Aedes mosquito. Over 2.5 billion people in tropical and subtropical regions worldwide are at risk of the disease. With no effective vaccine or antiviral treatment, close observation and judicious fluid therapy remain crucial [1] . The fatality rate due to dengue shock syndrome (DSS), the most severe form of dengue disease may be reduced to as low as <0.2% with careful management [2] . Understanding the risk factors for progression to severe dengue and death is essential in determining triage and management algorithms.
Risk factors for fatality in patients with dengue infection have been identified in studies in the Americas [3] [4] [5] [6] [7] [8] , Africa [9] , Australia [10] , Pacific islands [11] , South Asia [12, 13] and Southeast Asia [14] [15] [16] [17] . In addition to endemic countries, fatal imported cases have been reported in Norway and Germany [18, 19] . Significant risk factors associated with fatality reported were hematemesis and melena [3] , tachycardia on admission [20] , profound thrombocytopenia and leucocytosis [15] . Juneja et al reported that APACHE II may predict higher risk for death among dengue patients admitted to intensive care unit (ICU) [12] . In Cuba, dengue hemorrhagic fever (DHF) and DSS fatality and hospitalization rates were the highest among young infants and the elderly [6] .
Singapore is hyperendemic for dengue , with all four serotypes circulating [21] . Deaths from dengue have required government notification since 1977 [20, 22, 23] . The case fatality rate of dengue in Singapore is among the lowest in the world. We previously reported the findings from our multi-center adult dengue death cohort study across the years 2004-2008 in Singapore in which dengue infection was confirmed by the presence of dengue virus RNA by polymerase chain reaction (PCR) or non-structural protein 1 (NS1) antigen in serum [24] . Our dengue death cohort revealed fatality occurred most commonly among older patients with co-morbidities.
This case-control study was intended to: (1) compare demographic, clinical and laboratory features of fatal and nonfatal adult dengue patients, (2) compare warning signs and dengue severity classifications among fatal and non-fatal dengue patients, and (3) identify predictors of dengue fatality on hospital admission.
Methods

Ethics statement and study population
The retrospective adult dengue death study was approved by the Domain Specific Review Board of National Healthcare Group (Tan Tock Seng Hospital, National University Hospital and Alexandra Hospital) as well as the Institutional Review Board of SingHealth Group (Singapore General Hospital and Changi General Hospital) [24] . For controls, we collated demographic, clinical, laboratory, treatment and outcome data from laboratory-confirmed adult dengue cases managed by the Department of Infectious Disease, Tan Tock Seng Hospital, Singapore from 1 January 2004 and 31 December 2008 (DSRB B/05/115 & DSRB E/08/567). All data were collected by approved waiver of informed consent. Laboratory-confirmation was by dengue PCR or NS1 antigen assays. To determine matching conditions for controls, initial univariate analysis was performed which showed age was significantly different among fatal cases and non-fatal controls (median 59 vs. 31 years, p<0.001). Controls were subsequently matched for age (+ 5 years) and year of admission to control for different predominant circulating dengue serotypes. We matched three non-fatal control patients for every fatal case; however, a 1:2 ratio was used for one matched set from 2006 and three matched sets from 2007 because of lack of suitable controls. However, this would not have effect on the power of statistical tests done [25] .
Definitions
Dengue hemorrhagic fever was defined according to the World Health Organization (WHO) 1997 guideline as having fever or history of fever, presence of bleeding, thrombocytopenia (platelet count less than or equal to 100x10 9 /L) and evidence of plasma leakage [26] . The subjects were classified as have warning signs according to the WHO 2009 guideline if they had abdominal pain or tenderness, persistent vomiting, clinical fluid accumulation, mucosal bleeding, lethargy, hepatomegaly and hematocrit rise concurrent with a rapid drop in platelet count. Severe dengue according to the WHO 2009 criteria comprised severe plasma leakage, severe bleeding or severe organ involvement [27] . Pitt bacteremia scores (PBS) [28] were determined for cases and controls as a measure of acute illness severity. Patients were classified as critically ill if they had a total of > 4 points [28] .
Statistical methods
Data were entered into a Microsoft Access 2003 software database (Microsoft Corp., Redmond, WA, USA). Data audit was done by a separate research assistant and any discrepancies were resolved by the investigators. The descriptive results for categorical variables were displayed by frequency and percentage. For continuous variables, median and ranges were used. Data analyses were done using SPSS software version 16 (SPSS Inc., Chicago, IL, USA) with the level of significance set at a two-tailed p value of <0.05 assessed by conditional logistic regression modeling [29] . Six readily available clinical parameters (symptoms, signs and full blood counts) with p<0.05 from univariate analysis were put into the full multivariate model. The final multivariate model with two variables was selected by testing for parsimony using the likelihood ratio test. There was no significant difference between our full and final models (p=0.17).
Results
Cohort description
There were 28 fatal confirmed cases between 2004 and 2008 (range 2-9/year, age range 21-86 years) and 80 agematched non-fatal hospitalized control patients. Dengue was confirmed by PCR in all but one which was positive by NS1 antigen testing. Cases and controls had similar ethnic profiles. Fatal cases had medical co-morbidities more frequently (75% vs. 51.3%; p<0.05) particularly cardiac and renal disorders (Table 1) .
Clinical features on admission
The duration of illness preceding hospital admission was similar between cases and controls at a median of 4 days. Fatal cases were lesss often febrile (p<0.05) and reported myalgic less frequently (p<0.001). Fatal cases also had a higher median pulse rate (p<0.01) and higher median values of leucocyte and platelet counts, serum sodium, potassium, urea, creatinine and bilirubin (Table 1) .
Cases had abdominal pain and tenderness more often than controls (p<0.05). More cases fulfilled the WHO 2009 severe dengue case definition than controls (p<0.01). Proportions of DHF did not differ significantly between cases and controls. More cases than controls had a Charlson score greater than or equal to 3 which predicts one year mortality [30] and had PBS of >4 (p<0.05) ( Table 2) .
During hospitalization, intravenous fluid and platelet transfusion was more frequent in cases than controls (p<0.05). None of the controls received blood transfusions or were admitted to an intensive care unit (ICU), whereas 64.3% of cases were given blood transfusion and 71.4% were admitted to ICU at a median of 3 days (range 1-9 days) from hospital admission. Cases had a significantly longer length of hospital stay than controls (p<0.01)( Table 3) . Six readily available clinical parameters that had p-values <0.05 in the univariate analysis (presence of fever, myalgia, pulse rate, presence of abdominal pain/tenderness, white cell and platelet counts) were included in the multivariate model. Myalgia and leucocyte count on admission were found to be independent predictors of fatality (Table S1 ). Likelihood ratio test was used to obtain the final multivariate model which included two variables; myalgia and leucocyte count on admission, which had adjusted odds ratios of 0.09 and 2.94 respectively (Table 4) .
There were eight cases with leucocyte counts exceeding 10x10 9 /liter during hospitalization. We studied them in further detail to exclude other infectious causes. Notably, only one of them was found to have bacteremia (alpha hemolytic Streptococcus infection). All eight cases died within nine days of dengue diagnosis.
Discussion and Conclusion
Our previous series of fatal cases reported shock as the commonest cause of death followed by organ impairment (71.4% with acute renal impairment, 57.1% with impaired consciousness and 53.6% with severe hepatitis) [24] . A casecontrol study from Singapore reported tachycardia on admission as independently associated with death [20] . Another case-control study from Brazil reported patients with hypotension and shock to be at greater risk of progression to death (p<0.05) [8] . A Puerto Rican case series suggested that presentation with shock should alert doctors of the risk of severe dengue [5] . In our study, fatal cases had a significantly higher pulse rate on admission to hospital compared with controls. High hematocrit was reported as an independent predictor of fatality in a study from Brazil [31] . This was not the case in our study as we found similar hematocrit levels between cases and controls.
We performed a multivariate analysis by including symptoms, signs and laboratory parameters on admission which were significant in univariate analysis. We found that a unit increase in leucocyte count led to a significantly higher risk of fatality (adjusted odds ratio 2.94). Leucocytosis was identified as a warning sign of severe dengue in a study from Taiwan [15] .Studies from India and Taiwan reported that this phenomenon may be associated with secondary bacterial infection [15, 32] . However, only 4 (14.3%) of fatal cases had documented bacteremia in our study. Myalgia is known to be associated with dengue fever, however, its significance in disease severity is not well established. Lee et al from Taiwan reported in 2012 that although fatal cases had myalgia more frequently, statistical significance was not reached [15] . A study on 31 adult dengue patients with muscle involvement showed muscle dysfunction in dengue is benign, transient and selflimiting [33] . In our study, significantly fewer fatal cases had muscle pain, thus its presence is unlikely to be a risk factor for fatality. Less seriously ill patients who complained of myalgia might have been admitted to the hospital and contributed to lower odds towards fatality. This highlights the importance of objective clinical examinations and laboratory investigations in assessing and predicting disease severity.
Interestingly, patients who fulfilled criteria for critical illness with a PBS >4 points on hospital admission were found to be significantly associated with fatality in univariate analysis in our cohort. This score based on mental status, vital signs, requirement for mechanical ventilation, and recent cardiac arrest was initially derived to assess the severity of acute illness at the time of positive blood culture [28] . The score has shown to be useful in predicting fatality in septic shock. Its correlation with APACHE II score has been established [34] which was shown to predict death in dengue cases admitted to ICU in a study from India [12] .
A study from Mexico using national surveillance data reported risk factors associated with fatality were hematemesis (relative risk [RR] 2.6) and melena (RR 2.2) [3] . Another study from Brazil reported gastrointestinal bleeding was associated with higher risk of death [8] . In our study, fatal cases had similar hemorrhagic manifestations as controls.
Our study on adult fatal dengue identified by multi-organ impairment as an important cause [24] . This is consistent with a report by Simmons et al [1] . However in our current casecontrol study, aspartate transaminase (AST) and alanine transaminase (ALT) were not useful in predicting fatal outcomes. This reflects the inability of AST and ALT to discriminate DHF or severe dengue cases reported in a retrospective study from Singapore [35] . Serum bilirubin levels of fatal cases were significantly higher in cases highlighting a need for further research on liver involvement in dengue fatality. Fatal cases had elevated levels of serum urea and creatinine at presentation similar to the reports from Taiwan but they were not independently associated with fatality [36, 37] .
In our study, severe dengue as defined in WHO 2009 criteria at hospital presentation was found to be associated with eventual fatality. Although cases had a higher proportion of DHF and DSS at presentation, it could not differentiate progression to death from controls. This supported previous reports on the lack of sensitivity of the WHO 1997 dengue severity criteria in adequately differentiating clinically severe from non-severe cases [5, 20] . Interestingly, we observed a higher proportion of patients with warning signs at presentation in cases versus controls, but the presence of warning signs was not discriminatory.
One of the strengths of our study was that all dengue infections were confirmed by PCR or NS1. In contrast, previous reports on fatal dengue often relied on serology only. Most of these studies did not focus on fatality among adults or were limited to specific time periods. Our data came from five major public hospitals in Singapore across the years 2004 to 2008. In the years 2004-2008, 42,653 dengue cases were reported from Singapore [38] . In our cohort, the highest numbers of fatalities were nine and eight in the year 2005 and 2007 respectively, when Singapore had large dengue outbreaks. The predominant strains were serotype 1 in 2005 and serotype 2 in 2007 [39] . Our study lacks data on primary or secondary infection status. There was no serotype data for individual patients. None of the cases had autopsies performed. Finally, this study does not attempt to compare dengue management protocols at the different hospitals. Our relatively small number of fatal cases also limited the implementation of multivariate modelling to include more covariates that are statistically significant in the univariate analysis. However, our findings based on readily available clinical parameters could be useful in guiding clinicians in dengue case management.
In conclusion, the case fatality rate of dengue in Singapore is low. Fatal cases were significantly associated with existence of medical co-morbidities. Presentation with severe dengue as defined by the 2009 WHO guideline showed association with fatality, but not presentation with DHF/DSS. Absence of myalgia and leucocytosis at presentation to hospital were independently associated with fatality in our study. Table S1 .
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